CT images ofleuko-araiosis in brain slices were quantified according to volumes of reduced Hounsfield units in frontal periventricular white matter in groups of elderly patients with multi-infarct dementia (MID, n = 23) and dementia of the Alzheimer type (DAT, n = 16). Volumes of leuko-araiosis, estimates of atrophic cerebral tissue, and local cerebral perfusion utilising inhalation of xenon gas as the indicator were correlated on the same CT slices. Ratios of frontal leuko-araiosis to total brain tissue volume were similar for patients with MID and DAT (mean 5-7 (SD 2'1)% v 6*5 (3.2%)), and both were significantly greater than ratios in elderly normal volunteers (31(13)%, 0 < 0.001). Cerebral atrophy (measured as the ratio of volumes of cerebrospinal fluid to total brain area) for DAT patients was 17-0 (6-7)%, which was greater than for MID patients (12-5 (5-4)%; p < 0.05) and both types of patients showed more cerebral atrophy than did age matched, elderly normal subjects. 
white matter lesions have been detected even more frequently among neurologically normal and asymptomatic elderly subjects, confirming that white matter lesions are often clinically silent.' " The pathogenesis of leuko-araiosis and its relation to cerebral ageing and cognitive impairment remains unclear. Clinical and neuropathological observations have suggested that ischaemia of white matter may have an important role in the pathogenesis of leukoaraiosis. Without methods to quantitate leukoaraiosis, however, its severity could not be correlated with brain atrophy and local cerebral blood flow, although some indirect comparisons have been made. 1 1 12 The present study was designed to elucidate the pathogenesis of leuko-araiosis by quantifying it and comparing it with brain atrophy and local cerebral blood flow (LCBF) among elderly demented patients and age-matched normal volunteers. Stable xenon contrast computed tomography of cerebral blood flow was used to measure local cerebral perfusion, and results were correlated with quantitative measurements of frontal leuko-araiosis and the degree of cerebral atrophy determined on the same CT slices of the brain.
Subjects and methods

SUBJECTS
As summarised in table 1, 23 elderly patients with multi-infarct (MID) and 17 patients with dementia of Alzheimer type (DAT) were admitted to the study, and results were compared with 16 age-matched volunteers who were neurologically and cognitively normal. All subjects signed informed consent according to protocols approved annually by the Institutional Review Board of the Department of Veterans Affairs Medical Centre, Houston, Texas.
Participating subjects underwent similar assessments, which included medical and neurological examinations, cognitive capacity screening examinations (CCSE), 33" Hachinski ischaemic index scoring,'5 and clinical and laboratory testing to determine if any risk factors for stroke were present. Diagnosis of dementia was made according to recommendations of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III-R). 6 Demented patients had to score consistently less than 24 on serial CCSE examinations. CCSE scores below 25 correlate well with impairments of activities of daily living and other neuropsychological and neurobehavioural test instruments, Correlations of leuko-araiosis with cerebral atrophy and perfusion in elderly normal subjects and demented patients frontal, parietal, and occipital white matter; and internal capsular white matter) were computed. Values for LCBF in cortical grey matter (average of frontal, temporal, and occipital cortex), subcortical grey matter (average of caudate, putamen, and thalamus), and white matter (average of frontal, occipital, and capsular white matter) at the level of the basal ganglia were also calculated. EEG and EKG were monitored throughout the CBF measurements.
QUANTIFICATION OF LEUKO-ARAIOSIS AND CEREBRAL ATROPHY
Hounsfield unit numbers for each CT voxel were obtained from the baseline pre-enhanced CT images at the level of the basal ganglia. With these values, volumes for leuko-araiosis in white matter adjacent to the anterior horns of both lateral ventricles and anterior to the heads of both caudate nuclei were quantified by computerised densitometry for those volumes of cerebral parenchyma showing Hounsfield numbers that fell within a window set between the two thresholds for leuko-araiosis. tions of reductions of LCBF to the severity of leuko-araiosis, linear multiple regression analyses were performed. The ratios of leukoaraiosis were regarded as the dependent variable and LCBF values for cortical and subcortical grey matter as well as white matter served as explanatory variables. The algorithm used for computation included stepwise entry and removal of the independent variables (F entry and F removal, 2 0).
Results Figure 1 shows measured ratios for frontal leuko-araiosis among patients with dementia compared with age matched normal volunteers. The severity of leuko-araiosis was significantly greater in demented patients than in normal volunteers. No differences were apparent in the severity of leuko-araiosis between patients with MID and those with DAT. Figure 2 summarises cerebral atrophic indices among demented patients compared with age-matched normal volunteers. Both DAT and MID patients exhibited more cerebral atrophy than normal volunteers. Furthermore, cerebral atrophy among patients with DAT was more severe than among those with MID. Figure 3 shows a non-contrasted CT image of the brain beside the same image with superimposed LCBF values, recorded from a 68 year old man with mild MID. LCBF values were severely reduced in a patchy manner related to numerous lacunar infarcts. Perfusion of the thalamus was decreased bilaterally. Correlations of leiko-araiosis with cerebral atrophy and perfusioni in elderly normial subjects and denmented patients Figure 3 Non-contrast CT image of the brain (A) with superimposed local cerebral blood flow map Despite these limitations of the methods described, more leuko-araiosis was found in patients with MID and DAT than in elderly normal volunteers, which adds quantitative support to previously described qualitative relations of leuko-araiosis and dementia. 5 27 [29] [30] [31] [32] Concerning possible relations of leuko-araiosis to the pathogenesis of these two different types of dementia, we were unable to determine differences in degrees of leuko-araiosis among patients with DAT and MID. Erkinjuntti et al and Aharon-Peretz et al concluded that leuko-araiosis was more common and more severe among patients with MID than with DAT.2225 Such differences were not observed between DAT and MID patients in this study possibly because our DAT patients were older and more demented than patients with MID.
In patients with MID, decreases in cerebral perfusion supplying the basal ganglia correlate directly with the severity of leuko-araiosis. Clinical and neuropathological correlations suggest that leuko-araiosis may be caused by cerebral hypoperfusion combined with the well known local anatomical vulnerability to ischaemia of white matter surrounding the frontal horns of the lateral ventricles.7 1112 31 32 Direct correlations between the severity of leukoaraiosis and hypoperfusion of basal ganglia suggest that ischaemia exists within the territories of the deep cerebral perforating arteries as these vessels supply both periventricular white matter and basal ganglia. Disconnections between cortical grey matter and basal ganglia resulting from leuko-araiosis may exacerbate these local reduced perfusions.
The pathogenesis of white matter lesions causing leuko-araiosis among patients with DAT remains to be determined. As reported by Leys et al, leuko-araiosis in DAT patients may be accounted for, in part, by Wallerian degeneration secondary to neuronal Ioss.33
However, Brun and Englund concluded from detailed neuropathological examinations of patients dying with DAT that some white matter lesions were due to ischaemic change, since arterioles supplying abnormal white matter showed "hyaline degeneration" with stenosis and pial and meningeal vessels showed congophilic changes, although immunochemical stains for amyloid were not carried out.32 These authors also noted that leuko-araiosis in DAT patients occurred independently of the presence of neurofibrillary changes, neuritic plaques, and atrophy of grey matter. Taken together, the results support Hachinski's suggestion that amyloid angiopathy in DAT patients may cause ischaemia of white matter and contribute to leuko-araiosis.34 This view has been confirmed by immunochemical staining for amyloid in postmortem studies of patients with DAT and among patients with hereditary cerebral infarction and haemorrhage due to amyloidosis of the Dutch type. 35 36 Furthermore, amyloid angiopathy affects the pial vessels more than the deep penetrating arteries.
We concluded that leuko-araiosis of frontal white matter quantified by CT imaging is sometimes present in normal elderly subjects, but is greater in degree among elderly patients with vascular dementia and Alzheimer's dementia. In patients with vascular dementia, volumes of leuko-araiosis correlate directly with decreased perfusion of basal ganglia supplied by deep cerebral perforating arteries. Although these observations are compatible with an ischaemic hypothesis for the pathogenesis of leuko-araiosis in MID, the pathogenesis of leuko-araiosis in DAT remains to be established. Amyloid angiopathy may be the key contributor.
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